Impairment of sequence learning is common in Parkinson's disease (PD), but the time course of this cognitive abnormality is not known. We assessed longitudinal changes in sequence learning performance and associated task-related cerebral blood flow in 13 early stage PD patients who underwent H 2
Introduction
Cognitive deficits in non-demented Parkinson's disease (PD) are frequent (Levin and Katzen, 2005; Caballol et al., 2007) and can involve sequence processing early in the clinical course of the disease (Nakamura et al., 2001; Ghilardi et al., 2003) . These deficits have been attributed to subcortical influences on prefrontal activity (Cools et al., 2002; Carbon and Eidelberg, 2002) , local neurochemical changes (Francis and Perry, 2007) , and histopathological changes in the cerebral cortex itself (Braak et al., 2005) . While circumscribed cognitive deficits can be found in the early stages of PD, the scope and intensity of these changes can worsen with disease progression (Cooper et al., 1991; Muslimovic et al., 2005; Williams-Gray et al., 2007) . Nonetheless, the time course for the development of cognitive dysfunction in PD is not precisely known (Williams-Gray et al., 2007; Muslimovic et al., 2007b) .
Functional imaging studies have linked cognitive deficits in early PD to abnormal activation responses in the prefrontal cortex and related structures (Nakamura et al., 2001; Cools et al., 2002; Mattay et al., 2002; Williams-Gray et al., 2007) . Additionally, in the resting state, covarying reductions in the metabolic activity of frontal and parietal cortex have been linked to cognitive decline (Huang et al., 2007a) . Nonetheless, the latter changes reach significance only at moderately advanced disease stages (Huang et al., 2007b (Huang et al., , 2008 .
In health, explicit motor sequence learning involves the activation of distinct spatially distributed networks, with contributions from the basal ganglia and ventral prefrontal cortices during the initial learning period, and from prefrontal and parietal regions at later stages (Nakamura et al., 2001; Carbon et al., 2003 Carbon et al., , 2004 Doyon and Benali, 2005) . We have found that motor sequence learning networks activated by non-demented PD patients are topographically similar to those deployed by healthy subjects (Nakamura et al., 2001; Carbon et al., 2003) . However, to achieve a normal level of learning performance, PD patients tend to employ activation strategies used by normals at greater levels of task difficulty (Mentis et al., 2003b) . This compensatory response in early PD involves bilateralization of prefronto-parietal and cerebellar activation (Mentis et al., 2003a) .
Based on the results of these cross-sectional activation studies, we designed a longitudinal within-subject study to assess the time course of impaired sequence learning performance in early PD and to determine when compensatory brain activation mechanisms begin to fail.
Materials and methods

Study design
We used 
